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Abstract : The characteristics of crosslinking and physical properties in partially crosslinked waste
high density polyethylene (HDPE) were studied by introducing reactive melt processing with perbutyl
peroxide (PBP). It was found that impurities in waste HDPE affected the crosslinking kinetics. Decrease
in density and heat of fusion were observed in partially crosslinked HDPE while its melt viscosity
increased. It was explained that impurities in waste HDPE enhanced the crosslinking compared to pure
HDPE. As a result, dramatic mechanical property improvement was achieved in the waste HDPE by
crosslinking reaction.
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Table 1. Physical Properties of Virgin and Waste High Density
Polyethylene

Physical properties of HDPE Virgin Waste
Density (g/cm”) 0.9610  0.9552
T (T) 120.92 131.33
Heat of fusion(J/g) 171.6 166.1
Shear viscosity at 4.6 sec™! (Poise) 72660 65380

Hardness (N) 49.8 42.3

Impact strength (N—J/mm) 970.0 1510.0
Average max. strength (N) 350.16 291.6
Average elongation at break (%) 743.7 778.9
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Figure 1. EDS spectra of waste HDPE.
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Figure 2. Torque variation in (a) virgin HDPE and (b) waste
HDPE with crosslinking agent during the reactive mixing process.
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Table 2. Effect of Crosslinking Agent Content on Crosslinking
Time and Maximum Torque in Virgin and Waste High Density
Polyethylene

Crosslinking time

Virgin Waste Virgin Waste Virgin Waste
& Max. torque

PBP (wt%) 01 01 02 02 03 03
t50(min)¢ 130 140 105 110 93 102
ty (min)® 200 200 162 112 159 152
fas (Min)© 133 148 107 114 94 109
Troae (N 20.3 142 284 193 309 266

“Time at 50% crosslinking. Time at 90% crosslinking.
“Time at maximum torque. Maximum torque.
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Figure 3. Normalized density of partially crosslinked virgin and
waste HDPE as a function of PBP content.
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Figure 4. Normalized thermal properties of partially crosslinked
virgin and waste HDPE : (a) melting temperature and (b) heat
of fusion.
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Figure 5. Normalized melt viscosity of partially crosslinked
virgin and waste HDPE at shear rate 4.6 sec™.
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Figure 6. Normalized mechanical properties of partially crosslinked virgin and waste HDPE : (a) hardness, (b) impact strength,

(c) max. strength, and (d) elongation at break.
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